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Sources of greenhouse gases in CA 



Composition and sinks of greenhouse 
gases by agriculture 
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N2O Substrates 

1. Soil Moisture (WFPS) 

2. Inorganic N (NH4
+ & NO3

-)  

3. Soil Organic Carbon (SOC) 

  

 

N2O Network  

Denitrification Nitrification 



N2O Substrates 

1. Soil Moisture (WFPS) — IRRIGATION/RAIN 

2. Inorganic N (NH4
+ & NO3

-) — FERTILIZATION 

3. Soil Organic Carbon (SOC) — TILLAGE 

  

 

N2O Network  

Denitrification Nitrification 



Management changes (regional) 

De Gryze et al 2011 AGEE 



Management changes (regional) 

De Gryze et al 2011 AGEE 



Management changes (regional) 

De Gryze et al 2011 AGEE 



Status of N2O budgets (2009) 

2 published 

3 published 

2 in progress 



Almond orchard 

Tractor    
Row 

   Tree 
Row 





N2O 
g N2O-N ha-1 day-1 

 
 
 
 

% WFPS 
 
 
 
 

NO3 
μg NO3-N g-1 dry soil 

 
 
 
 

NH4 
μg NH4-N g-1 dry soil 

 

TREE 

ROW 



N2O 
g N2O-N ha-1 day-1 

 
 
 
 

% WFPS 
 
 
 
 

NO3 
μg NO3-N g-1 dry soil 

 
 
 
 

NH4 
μg NH4-N g-1 dry soil 

 

TREE 

ROW 

Drip 

Fertigation 1st Rain 
Microjet 

Fertigation 



TRACTOR 

ROW N2O 
g N2O-N ha-1 day-1 

 
 
 
 

% WFPS 
 
 
 
 

NO3 
μg NO3-N g-1 dry soil 

 
 
 
 

NH4 
μg NH4-N g-1 dry soil 

 

Drip 

Fertigation 1st Rain 
Microjet 

Fertigation 



Cumulative N2O emissions: Almond 



Vineyard 

   Vine       Tractor Row 



Cumulative N2O emissions: Vineyard 



Processing Tomatoes 

Conventional 
 

•  Conventional 
Tillage  

•  Furrow Irrigation 

•  Rip and reform 
Beds 

 



Typical Management Regimes 

Integrated 
• Reduced Tillage 

• Subsurface Drip Irrigation 

• Winter Grain Cover Crop 

• Preserve Planting Beds 

Conventional 
• Conventional Tillage 

• Furrow Irrigation 

• Rip and Reform Beds 



Kennedy et al. in prep 



Spatial Variability by Management 



Kennedy et al. in prep 

237 kg N ha-1 

 

 NUE = 37% 

YIELD 
 

86 tons ha-1 

205 kg N ha-1 

 

NUE = 58% 

YIELD 
 

131 tons ha-1 



Biochar 



Reduces N2O emissions in Walnut 

The incorporation of Char-Ash 

in the soil reduced N2O 

emissions, especially during wet 

events.  

Pereira et al. in prep 
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Increases N2O emissions in Vineyard 

Verhoeven et al. in prep 



Summary annual N2O emissions 

Fluxes in bold and italic are seasonal fluxes 

*BAU = Business as Usual 

0.12 – 10.4% 

* 



Summary annual N2O emissions 

Fluxes in bold and italic are seasonal fluxes 

*BAU = Business as Usual 

* 

0.66 – 10.4 % 



Conclusions 

• No silver bullets for N2O mitigation; even 
biochar… 

• Simple emission factors fail → under- and 
overestimation 

• N2O can be reduced without a yield penalty! 
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